
Detailed simple instructions OC » 
and a super-size fold-out plan OOjJ 

























f 



A WOLFE FOLOAPLAN BOOK 


Make Your Own 

Crystal Set 


R, H, WARRING 

Illustrated by Andrew Calder 


WOLFE PUBLISHING LIMITED 
ID EARLHAM STREET * LONDON WC2H 9LP 













TITLES M THIS SEMES. 


Build ¥ Our Own -Ctsck 

BuM You* Own Doll's House 

Make Your Own Doll's House Bedroom Furniture 

Make Your Own Doll's House Lounge Furniture 

Make Your Own Doll's House Kitchen Furniture 

Make Your Own Doll's House Dining Hoorn Furoilure 

Make Your Own Morse Buzzer 

Make Your Cryalfll Sei 

SflN 7234 Q55G 5 

(g) 1974 Wolfa Publishing Limited 


Primed in Gmai Britain by 

Oxley Printing Group Ltd. London and Edinburgh 


Make Your Own 
Crystal Set 

A nystaP set is 5.0 rijIlflcJ because Iha vury uarliesr radio receivers 
dirt. m fact. uaa a crystal md a lenglh of wire Or Cit"! whiter' to 
pick up radio signals The modern crystal sat u ses a simple alseucnic 
component called a diode (or I he same purppse. Because ihe 
principle or working is the tarns, they are still called 'crystal sets' 

Crystal sets are very easy to make and require only a law. 
inexpensive components. They can work wlthoui a battery— 
provided you live m an area where radio reception is good. In 
poor listening areas—these di&ianl from powerful rrensmmmg 
stations ■ only weak signals may be received from perhaps 1MS.1 
one pr two sib I inns. 

Tha performance fff a crystal sal can be Improved by adding * 
stage of ampfif/cat/cn. which, will then require * battery to work. 
This will boost the strength of all the signals received, and should 
bring in more stations. 

An amplifier is only an added on' circuit, so tbo design given 
allows lor this. You can first build ihb basic crystal sal and gel it 
working as wall as possible Than you can add 00 Iha amplifier 
stage for even better results. 

Tha real secret behind iha successful working of a crystal set 
i$ an efficient iutird CtrCu/i and external vena) plus a good earth 
connection. A tuned circuit consists of a corf and a tepaatot. 

A coil, realty, is only a length of insulated wire wound on a 
circular rod Oi former. A cftpBCilor is another particular type of 
electronic component, designed to have a 'capacity" for storing 
electricity—-hehOO Its name, capacitor 

In order to adjust tha tuning to correspond to different broadcast 
station frequencies, the capacitor used is a variable type (also 
known as a toning capacitor). 

'Frequency' is i measure of the rate at which a radio wave 
'wbreles' or osciilales B u>h ikflst stations sand OU t radio waves of 
;i lijriiculflf frequency 1 To Cunt- infeo e particular sifllion a receiver 
has to be adjusted to respond to tha broadcast frequency of that 
sun ion. 

Turning the knob on the capacitor varies Eire electrical state of 
the tuned circuit so that the set car be tuned in lo different 
station® in ihe rangB covered by tha design of Ihe eoit. 

The CON u an item which Is easy to make (although you can 
also buy readymade tuning coils male had to specific values of 
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Tuning capacitor!}. 

The electrical symbols of the componems which go rn make 
a luned circuit ere shown in Fig. 1. A cruf is shown ei A. a 
capacitor 15 shown at fi {ihe arrow drawn through [hd capacitor 
indicates that it is a ear>eei(Cir> Coil and cepeciior are then 

connected B1 shown at c Add an aerial end earth connection^, and 
Ihe complftlti turned c-ircuil is shewn at 0. 





A 





\|/ AERIAL 



EARTH 



This circuit when turned to e particular broadcast signal has e 
minijii: electric currenl generaled m it at the same frequency as 
the -Signal To eforeer (his currant and Transform it imo Ihe type of 
signal which can be made audible, a diode is connected 10 the 
coil n?r shown in Fig. 2A El Ihe other side of the diode is cpn- 
necied to headphones, and the other side of the headphones 
connected back io the 'earth 1 antf of the toned cifcujc, we have- 
el most—a. complete radio receive* 1 
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Just one more component is needed—a capacitor or fixed 
value connected across Ihe 'phones te block out the unwanted 
part of Ihe original radio signal. The complete circuit for a basic 
crv5ia! set is thus as shown in Fig. 2 B 
So much For ihe Hheoraiicsf circuit, We now have To Turn this 
into a practical, working circuit The starting point is jq make The 
coil 


Making the Coil 

A tuning coil can ha a simple winding of wire, bui ii is much more 
ellieient if wound ovtf a fefrite rod. A feriita jod is simply an Iron 
rod, but made of a special sore ol iron It is produced niwciaily for 
radio work—and you buy It by asking lot ft by name (tenle rod), 
jusl like other radio components 

Ferrite rods are available in various sizes, the main dilferonco 
being that the design of the coil (number of turns and size of wire 
requirarl) varies with The diameter of the red used. The electrical 
i HjHftrrt'irti il:a qf me coil has to J melch r the working range of the 
yfiriablu capacito* in Order to make the complele circuii tunable 
over a particular broadca st band 
The coil shown lit Fig 3 Is ba^ed on 9 iin diameter tetrite rods 
about 2 Jin. loop (ihe actual teigte he not Important), and designed 
to cover the medium wnvciwwd- 
First cut some wide gumstrip into Ian iengihs, Wrap Onfc pFftce, 
gum side up, around: ihP rod. and Then add thfM or Four more 
layecs (gum side down) to make a paper elcuve filting snugly over 
Ihe rod. Do not ms-ke it such a tight fit that Ihe sleeve oannot be 
slid along the rod. You will need this freedom of movement tor 
adjusting ihe set lor best results. 

The coil is |hsn wound on to the paper $lfr&we u§mg 2£ [faugc 
enamelled* copper wife. The compioto coll consist r of HG turns 
wound close together, the wire Chun taken oui into 9 loop, and 
finally anoiher 12 Turns wound on (92 (urns in all With the Joop or 
'Tapping point' 30 turns Prom the starting end), Secure Ihe start 
end of The coil winding with a deb ol Sftflhng wa*. 






















“TAKE csLfTUDCJP 
VJUZt- Foe 
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END 
SEALING, 
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This cm! Will be b 'mitcIT lor a 350 pF or 500 pF variable 
capacitor, ll may be found necessary to adjust the coil windnqs 
later on; or to try different coila. But itisc spanicolar coif should bo 
a good starting point provided you use the component values 
Specified in tho components list on the Plan Sheer. 

The rasl or the construction of the set can be followed through 
the step-by-stcp srages shown on the Plan Sheet 
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Preparing 
the Base Panel 



This b 9 5iin.*3in rectangle gi Panofin shaei (Paxolin is a 
special kind of hard plastic, nude In sheet form, to use as a base 
panel for mounting radio componenls on.) Il yoo cannot buy ll 
ihis size you will have to cul from a larger sheet, using a hacksaw. 
Check tho d> mansions bv laying Over Plan Sheet Diagram 1, 
which is full Hilt 

Make a treeing of this plan and ttansfor Co the PuoUn to mark 
ihe hole positions to be- drilled Holes A end 5 am drilled with a 
T i ; m. drill Holes C. D, E. f, G and H aro drilled with 9 3mm drill. 
Hole J is drilled to match the mounting sleeve s«zeol the variable 
capacitor (now identified bs Cl). Hole If it drilled 10 match ihe 
mourning siza of Ihe £lf patenltomeiw 

Plan Sheai Diagram 2 shows the next Stop The tuning capacitor 
(Cl) i$ mounted by ll* nul, wilb tho spindle and knob on the 
underside of (he pa nel The six £in, tang 5 6A brass boH& end nuts 
am fined through holes C, D. E. F, G rind H, wllh thfl btHl heads bn 
tho underside. These all form terminal points. 
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Cut of! fi 6m length of 1G gauge ti-nrved capper wire. Bend one 
end 41 right Angles, ahnui Jin. From the end, and pass ihrough 
hoEo A Now ijKnd ihe oihei end co pass through hole B. Bend the 
spare wi^ bad Over ihe edges of ihe panel as shown on Plan 
Sheet Diagram 3- end Fig 4 This is tha common or ’earthy' 
connecting tine or the cirCLrJl 

The tuning coil is Ihen mugnted on Thu Pa.Kohn panel in the 
position shown an Plan Sheet Diagram 4 The easiest wav of 
mounting is In stick lhe end tn the Paieolin with a bob el sealing 
wax, Chuck ihtn you can Slide the ferrite rod smoothly backwards 
end lorwards through lhe paper sleew 

Plan Sheet Diagram 5 now shows lhe wiring connections 10 
be completed. All joints should be soidertid* using an il«4rte 
soldering iron and resin-cored solder Just make sure lhal the 
wift anrfft are clean-, and you should have no trouble making good 
soldered spirits The tuning coil wires should be cul to suitable 
length end the ftridSi scraped -clean of enamel before eitempling to 
solder in place 

Conneclions to be mad-e are ■ 


START of tuning coif to nearest f A nfiffttl on C7 

TAP on tuning coif to terminal boil D. 

END of tuning cotl winding to other terminal on C7. 

TlfC sfliTttf twmimt on Ct connected to the 'common' fine (use 
a sepaute pidCC of AiWTWflerf wire with end s- scraped clean}. 

The other terminal of Cl iihe one connected to the start of the 
ootl ) to termini holt C. 

Capacitor C2 connected between ttmfflirt hod £ &mt the 
'common' tine. 

Terminal holt E connected to terminal holt H with a spare 
length of wife. 

Ttlfr diode connected between terminal holts D end £. 





Th'I conipluifis assembly oF the basic crystal sat which 
be tried cmr Fc>r working 

ScEAPE ESpSOF= 

ENAMEU-&D WIRE 
POWN TO CJ-EEANl 
WtRE BEFORE 
SOi-P^lH^ 


nan now 
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Checking the Set 

A good external aerial is absolutely essennsl The aftriat cun be a 
length or any Ihin wire—the Inn-gar the better and taken up es high 
as possible This wire Is nnnHled CO terminal boll C. 

Another length of Wire is wldfrr&d Eo The 'commcfi' line et 
point A and taken to a pood earthing point. The be-sfc earthing point 
10 be lound In most bouses is a cold wafer pipe {making aura that 
the pipe is scraped clean where the wire is attached, TO fiostirfr 3 
good electrical connection). 



Once these connections have been made, lhe set should be 
working', and only requires the connection of phones to terminal 
poMs H and ft 1o listen in The phone used must be oF high 
fm/mikne* TyfHfc preferably a deaf-a id earpiece which is moie 
ttonven Isnc to us* then heidphonw. 

'impedance' is redly Eha effective mistime* of phones Both 
h&adphones and duef-aid eeiptacusammedc with Pl&htmp&ttence" 
or Tew impedance". It is importanl to buy the nghl type 
Turn the knob on the tuning capacitor until the tuning- vanes era 
dosed, then turn beck a little. Slide the ferrite rod forwards and 
beck wards through the paper sleeve until a station is heard. You 
should be able to pick up Radio 3 in Ehis way. with Ehu tuning 
capacitor near one end of irs tuning range. If not. try adjusting Iho 
capeciipr to try io being the acedia n in. Akso try turning the set 
from side to side, es this will very the strength ol the signal The 
larrica tod aerial Is "directional' and picks up maximum Eigne I 
Strength in a certain position. 

□nee you have piokod up Radio 3 with the iun-ing capacitor sat 
nnr in One and gf ns rnnge, you can Fix lhe Ferrite rod to the paper 
Steave with 3 dab of sealing wax. You should then- be able to tune 
iFie set nver lhe whole of the medium waveband without further 
adjuHffiem of the Ferrite rod. 
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IF THINGS DO NOT WORK OUT 

IF you get no results 91 all, ihen the First thing to da is to check 
ihjil all yourconnections a 1 * correct—and there are no b 9 (l soldered 
joints. If connections are ell gMd (and correct) you should be aWe 
tc hear something whBn adjusting Cl over its full range—it tthly 
a weak crackle or two. That at least will show that the set is 
working I 

Here are other ihmQS you Cfln tr V if vou ere not getting proper 
results: 

(/) if signals are so weak as to be almost inaudtirte. if you 
CM improve the e*fmna/ *drift- Use a longer length of w, 
drfiptd m various positions. Or yOtt tan try connecting the fivnal 
wire to the springs of a bad {these often make a very good achatf) 
tii) Try en alternative earthing point connection—say directly 
to a tap. 

[Hi] Try swappntg over the aerial and earth connections—!, e. 
aerial wire to A and earth tb C- Sometimes this works welt 

(#v) Remove the connecting wire between terminal point C 
tnd the tuning capacitor arid replace with a capacitor (C3) This 
can often considerably improve the efficiency of the aer/ttl. 

{iv) The tuning range of the coil can be ad/astcd by taking off 
[or adding on) an equal number of turns froth each and of the 
coif. This is something you can experiment with to extend the 
working range of your set, and bring tn more stoltoriS 
Remember, you can only HxpGCl very weak signal strength Imom 
a basic crystal sot. Atao reception conditions vary a tm from day to 
Oay r and even hour to hour. 
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Further Experiments 



-g t?rAr1,l=TEK, 

Fhsazrrg 


WI EEL 


Plan Sheet Diagram 6 Shows another 'trick 1 you tan try. Instead 
cf connecting the aanat clued ly to the tuning ClpldtOf (or 
'coupling" through capaciltir C3K connect to terminal pclflt 0- 
Trv with. and without capacitor C3 

Another Idw which often gives improved results is to u» an 
inductivity emipted tuning co*l This eomprites two separate 
windings—the main tuning coil with a s^psrde coupfmg ccwV 
wound on lop. as in Fig. 7 and Ftan Sheet Diagram 7 

The idaa with tttitvCiitt cnupting is that Intnd of direct 
wnwctkm, varying elfttfvfc cu^rvts are IransFcrrod from om coil 
to another elaclromagnafically This can be batter than dlied 
coupling SG^™ti-mes 

Replace the original luning coil With this new version and 
complete the connections as shown Che-nging the tuning coil 
can often make quite a difference; and you Cfln step make different 
coils to covw different wavebands Soma nllGmeiiue designs are 
Shown on the Plan Sheet 















Improving 
the Crystal Set 

Once you havu not your bask crystal wt “o work, it is obviously 
wo*thwh|fce thinking about getting sdma mor£ Volume nut or it. 
This sen be dOntf by Adrfiing tfn ampftfim Stege a* shown in Plan 
Sh«i DEegrani fi. Tho iddftignil components i^uirnd mu a 
pocentiwnetef ftfR]!, a CflPfldtD* <C4).. a transistor (Tfi) and a 
raskstof (R). Almosi any type ol audio transistor will do, with ihfr 
value d 1 the resisLoe selected to match, ah hough this is not very 
criUtal The poteniiomaiar provides a means of adjusting the 
amplifier stage to work 

Audio - means SDraelhing that works at hearable or 'audible 1 
Frequences—much lowifrr Frequent *ux iftln rodin signals Some 
transistor* are designed specially 1# Operate m audio' Frequencies: 
oih&r* 41 'redid' hequwdes. 

The potenilomerar i* mounted in ihe spare hole K In rhe Pixobn 
panel, spindle sde downwards. Disconneei the wire joining 
terminal point E to hi. Than wire up the drcuh as shown on Plan 
Sheet Diagram 3. Use the lb lowing as a check: 

Connm:I on terminei fag on potentiometer to F 

Conntrut the othtrr end terminei c?jn rfrtr potentiometer to 
the Common* line. 

Cwnaot Ct&stftCf CJ to sna cenira teg m tb* poi&niQff. ler^c, 
end the other taad of the capacitor Id terminal bolt F r making it/ft 
tl is the right way found {plus marked on capacitor to potentiometer 
tagl 

Conned the resistor (fl) between terminef baits F end Ff. 

That k&avtis the- lrensislor to be COrMWCtdd id ihe clrtlilL Here it is 
very in ip>i iri■ i nr to he ;*l.ih= 10 idtruiFy ihe Iftfl-d* correctly. Trensisiflr* 
have three w-lraa emerging ham their bottom which musl be 
identified as emitter (e), base fbj and oodector (cl connections. 
These are not marked on the transistof and have to be identified 
by their position 


Connecting 
the Transistor 



Fig. B shows vanduS lead configurations for transistors and this 
diagram should be used to identify each lead corwily in con- 
r^sci i ng the transistor to the circuit 

Emitter {tfi coirnects to 'comm&n' yrire. 

Base (jb) cCfWeots to terminal halt f 

Collector (c) connects to termmet botz G- 

Leave the transistor leads quite long—e.g. about lm —end grip 
wiih a pair of pliers when miking the soldered joint. Th® pliers will 
Chfcn soak up heat which might otherwise damage the lrani^tor, 
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FINAL CONNECTIONS 

The "phones in this Lass (high impedance type again) tormtiCl to 
terminal bolts G and ft. To work, this circuit also requires a battery, 
which can be 4|. 6 pi $ volt. Battery connections are made "■:■ H 
and The common line, Be shown. 

the polarity d/ ifftrr j'j mos-i 1 jmpaita-nC Using a PNP 

transistdr (a® Spotilied in She components li$l}„ the positive of Ihe 
battery connects to Ihe 'common' lirfr, 

The- pafarr/y of /ire- d/oda is aiso important Thft a plu9 J and of lhe 
diode is identified by a red marking an the glass drive lop*. Thus 
eha ‘red 1 end must connect m terminal boll D. Check Itiis before 
connecting up the baiifty, 

si an NPN irtntiti&r is uied I hen the polarity of the battery must 
be reversed (plus TO Terminal bolt H); and ifso the diode most be 
connected the other way ruund.U*d TO mminsf boll E). # 

M-osl common types of tr-a nsistur you can buy in th«S country ate 
known as PNP type. They werfc in Ihe same way as Bn NPN Type 
na-nsistor. except rhel their plus and minus connections are Lho 
Other way round. 

In this final circuit. Ihe potentiomaier VR will Act as a volume 
control NormuHv ll Will only be neceaMty to adjust it initially for 
maximum volume wban ih* set 1$ tuned In 10 Bny one si^ton. It 
can then be left in Itiis position to give minifnum volume whh any 
other signal tuned in. 


* It not «7ij it±v which w*y round the died* ft CCWWCMtf j n r^* 
circuit when there j'i no jppticd better? voltege 
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Notes on Soldering 

For soldering electrical pirns you should use only Bn electric 
soldering iron and resin-cored snider. 

The iwO most important things about making a good soldered 
in nt ar 0 a hot fro™ end clean or 'tinned' surfaces to be pined 
Lead-s on radio components are already tinned. Bui even a tinned 
surface will not solder properly >P U I* dirty or greasy. If in doubt 
scrape the surface clean with e krt^e. 0* rub with emery paper. 
Where enamelled wire is used for ccmnBctions, Clean the ends by 
scraping off the enamel to expose bright coppSr. 

follow this procedure in making a joint: 

(j) Plug In and switch on the Iren end leave for a minute o r two 
to warm up to fuff heal. Check by touching the tip with solder. 
The solder should maft immediately and tun over the tip . if iha 
snider drops off the tip r then Ihe iron is dirty md the tip needs 
cleaning with emery paper. 

(tf) firing rhe Up of the iron into contact with the joint. Writ S 
second or So for the hast from the iron to heat up the /uinl. 

(hi} Touch the loifll with solder Tha solder should meft et 
once and run over the joint, 

(fV) Remove the iron at once So fhat W more heat is applied 
tp the joint than necessary. 

Two Ihmgs can go wrong at stage (hi) ; 

(a) Tft& solder does not melt. Then the joint tS not hot enough. 
Either the iron is not hot enough (or too smalt tor tha job), Or it 
has not been held * grins* the joint for a long enough period 

(b) The solder melts hut fails off the joint. In this case the joint 
is J dlrty J and needs cleaning before attempting to resoider. 

A good soldered joint is ’bright dean/, with the solder flowing 
evenly over the whole of the joint area 

A W i^int is where the solder sat& in B ffruaK, crystalline farm. 
Tbb is usually causad by not enough heat, but it can be due also 
to a dirty i-rjarir whh too much solder applied in an atcempi Id 
complete- Ihe- joint 

• See illustrations overleaf. 
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t. Full size layout pattern of Paxolin panel. 
Holes A and B are drilled 1/16in. 

Holes C, D, E r F r 6 and H are drilTed 3mm, 

Hole G drilled to fit variable capacitor mounting. 
Hole H drilled to fit potentiometer mounting. 
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11. Theoretical circuit o* basic crystal set with inductively 
coupled aerial tuning coil. This corresponds to Plan Sheet 
Diagram 8, 


HLc3H 

IMPEDANCE- 

j PHON£5 

















2 . Variable capacitor mounted on panel through hole G; 
also the six 6BA brass bolts and nuts Forming the main 
terminal points. 
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3. Tne -urimtjn' ijvjrl 1“ l.ns IS 16 yiiL<:;« tinr:<ij copppr 
Wi«, Fihfid between hales A *ikJ B. Turn up encEa annuad 
ed^a *r paid be \d wire In place. 























4, The tuning coil is mounted on the Paxolin panel in 
this position, secured with sealing wax. Ferrite rod must 
be free to slide for adjustment of tuning range. 































5. The basic crystal set circuit completely wired up 
phones connect to terminal bolt H and point B on 
'common' wire. Check all wiring connections carefully. 

Note that terminal bolts F and G are ignored. Also 
hole K has nothing mounted in it. 


COMMON J—IHE- 




















































6* Alternative connecting point for the external aerial 
wire. The inclusion! of capacitor C3 is optional. Try with 
and without to see if there is any difference in results. 













































7. Alternative 'inductively 
coupled" aerial inning coil, 
showing the slightly different 
connections. 
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S. Completed circuit for crystal set with transistor 
amplifier. Be sure to get the transistor (TRJ connections 
correct Check also that the diode is connected the right 
way round, and battery plus goes to the 'common line 
(with a PNP transistor) 
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A. 350 or 500 pF variable capacita* 
—single airs paced type r miniature 
size. 

B, Alternatively, £50 pF or 150/750 
pF postage stamp type mica 
trimmer 

C„ Diode GEX 34 or equivalent 
(Virtually any miniature diode 
will work.) 

Capacitors r 

D. C2—001 

E. C3—220 pF. 

F. C4—B iw-F electrolytic. 

G. Potentiometer: VR—1 megohm. 

H. Transistor; 0C71 f 0C72, or equi¬ 
valent. 

I. High impedance headphones Or 
doaf aid earpiece (preferred). 

J. Resistor; fl/470 K ohm. 


&- 28 or 38 gauge enamelled copper " 
wire (Tor winding aerial tuning coils). 
Ferrite rod (or fenife slab) for coils. 
Sizes as specified on this sheet and in 
general instructions. 

Pexotin panel B^in, *3in. 

Six iin. long 6BA brass bolts and 
nuts. 

Length of 16 gauge tinned copper 
who. 

Thin bdEwira for connections, aerial 
wire and earth connection. 


CIRCUIT DIAGRAMS 
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10, Theoretical circuit of basic crystal set showing alter¬ 
native positions for aerial connection. These correspond to 
Plan Diagram 5 and Plan Diagram 6. 
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11. Th eoretical eircu it of ba si c c rysta I set with i nd u cti vely 
coupled aerial tuning coil. This corresponds to Plan SheeL 
Diagram 8. 



























COMPONENTS REQUIRED 














































ALTERNATIVE DESIGNS 
OF AERIAL TUNING COILS 

Here are some further winding details for aerial coils in case you cannot readily obtain 
the ferrite rod diameter size and wire sizes previously specified. All ere designed to 
'match' a tuning capacitor of 350 to 500 pF value. 
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For aeriai tuning coils covering the LONGWAVE band, you need about twice the 
number of turns of wire on the same size ferrite rod as for Medium Wave, 
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To cover The SHORT WAVE band very few turns are required on the tuning coil and 
these should be 'open' wound. That is, instead of each turn being laid close to each 
other there should be a space equal to the wire thickness, or slightly greater, between 
each turn. The best tapping point is found by experiment Alternatively you can try 
inductive coupling, using a single turn for the coupling coil, positioned by trial and error 
for best results over the main coil. 



SHroETT WAV& 


Rot? 

[R&- 


if you find that the results obtained with your set are poor, or you live in an area where 
radio reception is known to be poor, you may find it necessary to purchase a ready - 
wound aerial coil. Make sure you use it with the correct size and type of ferrite rod, and 
also a tuning capacitor of matching range. Not all aerial coils are designed for 350 pF 
or 500 pF tuning capacitors. 

Remember, however, that not even a high efficiency professionally made aerial tuning 
coil can give good results with a crystal set unless you also use a good external aerial. 














12. Crystal set with transistor amplifier stage 
This corresponds to Ran Sheet Diagram &" 
N ote the same am p.l i f ier c i rc u it ca n be a dd ed on 
y of the alternative basic crystal set 'front 


BASO C^VSTAi- SET' FKaN y 
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